combined with an innate predisposition to correctly identify predators appears to prepare 28 the young best for the environment, in which they grow up as juveniles. We chose the African mouthbrooding cichlid fish Simochromis pleurospilus as model species 68 ( Fig. 1) , as it is one of the few species in which the parents' possibilities to predict the 69 offspring environment in the wild (Kotrschal et al. 2012) and to adjust offspring traits to the 70 environment (Taborsky 2006a,b) has been explicitly studied. These earlier studies addressed 71 the resource availability for young. In this study, we focused on environmental cues elicited 72 by offspring predators. Adult and juvenile S. pleurospilus occupy different, slightly 73 overlapping niches along the depth gradient of Lake Tanganyika with juveniles inhabiting 74 shallower depth than adults. When young become independent of maternal care at an age 75 of four weeks, they start to move from the adult to the juvenile depth range. While we 76 cannot entirely exclude that some brooding mothers actively deliver their offspring to the 77 juvenile habitat, field observations of the distribution of brooding females and the sizes of 78 young held in the mouths suggest that juveniles are released in the adult habitat and then 79 migrate to the shallow zone on their own (A. Kotrschal pers. obs; B. Taborsky, pers. obs). 80 The main offspring predators of S. pleurospilus are other cichlids fish, which either feed on F o r P e e r R e v i e w 6 small invertebrates and on cichlid fry opportunistically, or which represent specialized 82 pisicivores, such as Ctenochromis horei, the predator used in this study. The distribution of C. 83 horei is predominantly bound to the existence of underwater vegetation, which occurs 84 patchily in the lake at various depths (Oshi 1993) . Therefore, large, dangerous C. horei can 85 occur in the juvenile or in the adult niches of S. pleurospilus, or both (Ochi 1993, Sefc et al. 86 2009). Thus we should expect that maternal effects induced by offspring predators take 87 effect mainly shortly after the release of young, i.e. while the young still travel to their 88 juvenile habitats, whereas both innate and acquired anti-predator responses should shape 89 the behaviour and life history of S. pleurospilus during the entire juvenile period, or at least 90 until they reach a size above the gape-size of their main predators. The experimental clutches were produced in four 400-L tanks, two assigned to the predator 144 treatment and two assigned to the control treatment, inhabited by groups of six to nine S.
145
pleurospilus females, one male and one heterospecific cichlid (a C. horei or an O. ventralis).
146
Adult S. pleurospilus were captured from their home tanks and were randomly assigned to 147 the four breeding tanks. At introduction in the experimental tanks and also directly after 148 spawning, we measured the females' total lengths (TL; tip of mouth to end of caudal fin) on 149 a measuring board with 1-mm grid, estimating their length to the nearest of 0.5 mm, and we 150 weighed them to the nearest of 0.01 g on an electronic balance. The tanks were checked daily for females with clutches in their buccal cavity. As soon as a 153 female had spawned, the eggs were collected by slightly pressing her cheeks. We exchanged the males several times during the experiment (3 males produced offspring in we compared the differences of OBR between treatment and baseline 1 ('difference 1') and 234 between treatment and baseline 2 ('difference 2'), respectively.
236
Long-term effects on behaviour. We tested for long-term effects of our treatments on 237 behaviour both in generally threat-related contexts (novel object, unspecific startle stimulus) 238 and in a predation context (presentation of predator). We conducted (i) a novel object test the main fixed factors were always kept in the models even if non-significant. We 306 determined the variance components of all potentially relevant random factors for each of 307 these models (percentages of variance are given in the Appendix S1, Tables S2, S3 and S4),   308 namely breeding tank, male identity, female identity, clutch identity and for the repeated 309 measures in the OBR analysis, also individual identity. None of these random factors 310 accounted for a significant amount of variance in the random term, except for clutch identity 311 in some of the models on offspring size and growth (see Table S3 ). In order to avoid 312 overparametrization of our models, for the final models presented in Tables 1, 2 and 3 we   313 kept only clutch identity in the random term and, for the repeated OBR analyses, we also 314 kept individual identity in the random term to account for the repeated measures. All 315 analyses were done using SPSS 17, SPSS Inc., Chicago, USA. 
Results

319
Predator responses of predator-naïve larvae. Larvae receiving the offspring-predator cue 320 had strongly reduced OBRs compared to larvae receiving the control cue (Fig. 2a, Table 1a ). OBRs before the presentation (baseline 1) did not differ between larvae assigned to predator 322 and control treatment ( Figure 2a , Table 1a ), whereas OBRs after the presentation (baseline 323 2) were still slightly lower after the predator cue than after the control cue (Table 1a, Factor   324 "O"). The reduction of OBR in response to the predator cue was particularly strong on the 325 first experimental day, whereupon the effect decreased gradually (Fig. 2b, Table 1a ). In 326 addition, OBRs during both baselines and the during the olfactory treatment decreased over 327 the experimental days 8, 13 and 18 (Table 1a , Factor "Day"). The female treatment did not 328 influence OBR significantly (Table 1a) . 329 330 In the five broods tested with cues of three different species and the control, the OBR 331 responses differed significantly between the four presented cues both when analyzing the 332 differences to the first ('difference 1'; Fig. 2c ) and to the second baseline ('difference 2').
333
Again the responses were strongest in naïve fish (day 8), and declined afterwards (significant 334 effects of 'day'; Table 1b ). Pairwise analyses of the initial responses of naïve fish (i.e.
335
'difference 1' at day 8; Body size, clutch traits and growth. Offspring of mothers that had been exposed to an 344 offspring predator during clutch production were larger (Fig. 3a) and heavier 28 days after Fig. 3b ). This effect was reversed during the following 4 weeks (wk 5-8), when 357 offspring of mothers exposed to the control treatment had higher growth rates ( Offspring from predator-exposed mothers grew faster during the first four weeks after 445 hatching, and consequently were larger and heavier at day 28 compared to offspring from 446 control mothers. In small fish, mortality is strongly negatively size-dependent, as the most Offspring length (cm) Figure S1 . Scheme of odour cue presentation to measure opercular beat rates (OBR) of larvae. OBR was recorded in direct succession for three periods of 40 sec each. First period (baseline 1): both treatments received water from their own holding tank; second period: odour of tap water (control treatment) or of different heterospecific cues were presented was presented; third period (baseline 2): both treatments received tap water Table S2 . Variance components of the random term when all possible random effects were included in models testing for treatment effects on opercular beat rate (OBR) differences.
Percentage of the total variance each random factor accounted for is given. None of the random factors accounted for a significant proportion of variance in these models. Table S3 . Variance components of the random term when all possible random effects were included in models testing for treatment effects on offspring body size and growth.
Percentage of the total variance each random factor accounted for is given. Random effects accounting for a significant amount of variance are highlighted in bold. 
